Abstract: Mixed ligand complexes of Co(II) ion with some heterocyclic nitrogen donors and O and Co(N-N)
Synthesis and Characterization of mixed ligand complexes of Co(II) ion with some N and S donor
[18] has also reported mixed ligand complexes of Co(II) involving 1,1-and 1,2-dithiolates.
It is evident from the literature survey that there is no report on mixed ligand complexes of cobalt(II) with 1,1-dicyanoethylene-2,2-dithiolate ion and heterocyclic nitrogen donors. Thus, it was thought of interest to undertake the synthesis and spectrochemical characterization of mixed ligand complexes of cobalt(II) ion with 1,1-dicyanoethylene-2, 2-dithiolate (i-MNT 2-) ion and heterocyclic nitrogen donors, 1,10-phenanthroline or 2,2'-bipyridine and investigate their reactivity towards heterocyclic nitrogen donors, such that pyridine (py), α-picoline (α-pic), β-picoline (β-pic) or γ-picoline (γ-pic)]. The results of these investigations are reported in this article.
II. Experimental

Materials
All the chemicals used in this study were obtained from E. Merck of GR grade or equivalent quality. -, -and -picolines were obtained from Aldrich chemical company.
Analysis of the complexes
The complexes thus obtained were analyzed for cobalt using standard literature procedures [20] . Carbon, hydrogen and nitrogen were determined micro-analytically on CE 440 Exeter, USA and sulphur was estimated as BaSO 4 gravimetrically. The water molecules were determined by heating the sample for 4h in an electric oven maintained at 110-200 0 C and determining the loss of weight.
Physical Measurements
The molar conductance of the millimolar solutions of the complexes in DMF was measured using Systronics direct reading conductivity meter 304 with a dip-type cell with platinized electrodes. Magnetic susceptibility measurements were made at room temperature on Cahn-Faraday electro balance using [CoHg(SCN) 4 Table 1 . Important electronic and infrared spectral data are given in Table 2 and Table 3 , respectively.
Preparation of ligands
The potassium- 
Preparation of Co(bipy) 2 (i-MNT) (2)
A quantity of 2,2-bipyridine (bipy) (1.5619g, 10 mmol) was added to a 150cm 3 of aqueous solution containing hydrated cobalt(II) nitrate (1.4552g, 5 mmol) and stirred the mixture which resulted wine red solution. To this solution, a 50 cm 3 aqueous solution of K 2 i-MNT.H 2 O (1.1819g, 5mmol) was added with stirring giving olive green precipitate. The precipitate was suction filtered, washed with water, alcohol, ether and dried in vacuo over fused CaCl 2 . After drying, the colour of the product was brown. After drying the colour of product turned to brown.
Attempt was made to synthesize Co(bipy) 3 (i-MNT) by taking Co(II) salt, bipy and K 2 i-MNT.H 2 O in 1:3:1 molar ratio under the same conditions was unsuccessful.
Preparation of Co(o-phen)(i-MNT).2H 2 O (3)
A 20cm 3 ethanol solution of 1,10-phenanthroline)(o-phen) (0.9911g, 5mmol) was added with stirring to a 20cm 3 ethanol solution containing hydrated cobalt(II) nitrate (1.4552g, 5mmol) resulting yellow solution. To this resulting solution, a 20cm 3 aqueous solution of K 2 i-MNT.H 2 O (1.1819g, 5mmol) was added with stirring resulted olive green precipitate. The precipitate was suction filtered, washed with water, alcohol, ether and dried in vacuo over fused CaCl 2 .
Preparation of Co(bipy)(i-MNT).2H 2 O (4)
The complex, Co(bipy)(i-MNT).2H 2 O was prepared similar to Co(o-phen)(i-MNT).2H 2 O by taking Co(II) salt, 2,2'-bipyridine(bipy) and K 2 i-MNT.H 2 O in 1:1:1 molar ratio. The colour of precipitate found was olive green.
Preparation of Co(o-phen)(i-MNT)(py) 2 (5)
Co(o-phen)(i-MNT).2H 2 O (0.8306g, 2mmol) was added to 25cm 3 of pyridine slowly with vigorous shaking which resulted dark solution. The solution was filtered which did not yield any precipitate. The filtrate was evaporated naturally for a month, leaving a microcrystalline black product which was washed with ether containing traces of pyridine several times , suction filtered and air dried.
Preparation of Co(o-phen)(i-MNT (α-pic/ γ-pic) 2 (6,7)
The blackish brown complex, Co(o-phen)(i-MNT)(α-pic) 2 and Co(o-phen)(i-MNT (γ-pic) 2 were obtained essentially by the same method used for synthesis of Co(o-phen)(i-MNT)(py) 2 , only replacing pyridine by α-picoline and γ-picoline respectively.
Preparation of Co(bipy)(i-MNT (py/α-pic/ γ-pic) 2 (8,9,10)
Co(bipy)(i-MNT).2H 2 O (0.7826g, 2 mmol) was added sowly to 25cm 3 of pyridine /α-picoline / γ-picoline with constant stirring yielding dark solutions. The solution was filtered and filtrate was allowed to evaporated naturally for a month, leaving blackish green product. The product was washed several times with ether containing traces of corresponding bases, suction filtered and air dried.
Preparation of Co(o-phen/bipy)(i-MNT)(β -pic) 2 (11, 12)
Co(o-phen)(i-MNT).2H 2 O (0.8306g, 2mmol) and Co(bipy)(i-MNT).2H 2 O (0.7826g, 2 mmol) was dissolved in 20cm 3 of DMF followed by addition of β-picoline (β-pic) (10 cm 3 ) with stirring. The solution was evaporated naturally and after 6 months a dark colour product was obtained, which was washed with ether several times yielding olive green/ blackish green powder respectively. The products were suction filtered and air dried.
III. Results and discussion
The analytical data indicate the formation of mixed ligand complexes of cobalt(II) of the compositions Co(N-N) 2 
The complexes do not decompose up to 200 0 C and are insoluble in water and common organic solvents (methanol, ethanol, chloroform, carbon tetrachloride, acetone, benzene etc) but soluble in coordinating solvents such as DMF and DMSO. These complexes cannot be re-crystallized but TLC measurements confirm the purity of the complexes as only one spot was observed for each complex.
The weight loss experiments for the complexes were carried out by heating a small amount of sample in a glass tube for 4 hrs in an electric oven maintained at 100, 120, 150 and 180 0 C. The complexes, Co(o-phen)(i-MNT).2H 2 O and Co(bipy)(i-MNT).2H 2 O show loss of weight in the temperature range 150-180 0 C corresponding to two water molecules suggesting that they possess two water molecules in their coordination sphere.
3.1.Molar conductance
The low molar conductance values (15. 
Magnetic moment
Magnetic susceptibility measurements and the electronic spectra of complexes were recorded for ascertaining the stereochemistry around Co(II) ion in these mixed ligand complexes. The corrected magnetic moments of Cobalt(II) complexes with i-MNT 2-and heterocyclic nitrogen donors lie in the range 2.0 -3.3 B.M. suggesting low-spin, Co(II) (t 2g e g 1 ), distorted octahedral stereochemistry around the Co(II) ion in these complexes. The observed (µ eff ) value is higher than calculated by the spin only formula (µ s ) value. This suggests that there is also an orbital contribution.
Electronic spectra
In the electronic spectra of Co(II) complexes, there is a quartet ground state and three spin -allowed electronic transitions to the excited quartet states, 4 T 1g (F) → 4 T 2g (ν 1 ), (generally occurs in the near i.r. region), 4 4 T 1g (F) → 4 T 1g (P) (ν 3 ), respectively suggesting distorted octahedral stereochemistry around Co(II) in its complexes. The ν 1 and ν 2 bands are weak bands with respect to splitting of the third band reflects distortion in octahedral stereochemistry in these complexes. The ν 1 and ν 2 bands are of weak intensity with respect to ν 3 band. The ν 3 band in these complexes is not very distinct as obscured by the tail of the ligand absorption band.
The nujol-mull reflectance spectra of the complexes are not well resolved but most of the complexes show similar trends.
Infrared spectra
IR spectra of the mixed ligand complexes have been interpreted in the light of earlier investigations [1, 19, 27-32] on transition and non transition metal 1,1-dithiolates. The i-MNT 2-ligand may be described by the following resonating structures as shown in Fig. 1 in which Fig 1(a) be the dominant resonating form in all the newly synthesized complexes. Based on stoichiometries and above mentioned studies distorted octahedral stereochemistry around the cobalt(II) ion for these complexes have been proposed.
IV. Reactivity of the complexes
The reactions of heterocyclic nitrogen donors (py, α-pic, β-pic or γ-pic ) with Co(o-phen/bipy)(i-MNT).2H 2 O were studied separately under different conditions then they yielded addition products of the composition Co(o-phen/bipy)(i-MNT)L 2 [L = pyridine (py), α-picoline (α-pic), β-picoline (β-pic) or γ-picoline (γ-pic)] approving the Lewis acid character of the mixed ligand complexes. , Co(o-phen)(i-MNT)(β-pic)2 (11) 2200vs 1384vs 939m 897s 340w 302w
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Co(bipy)(i-MNT)(β-pic)2 (12) 2204vs 1384vs 944m 896s 376w 304w vs = very strong, s = strong, m = medium, w = weak
